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Zhang et al and liver transplantation are still considered to be curative options. 7, 8 The efficacy of postoperative sorafenib vs surgery/ sorafenib therapy has not been evaluated until now. The limited number of trials using sorafenib suggests that only descriptive analyses can be performed. Thus, additional trials are needed to assess the efficacy of postoperative sorafenib therapy and to compare the efficacy between adjuvant TACE/ chemotherapy and sorafenib.
In recent years, the benefit of postoperative TACE and transarterial embolization has been confirmed in nonadvanced HCC cases. [9] [10] [11] [12] [13] [14] In addition, a meta-analysis confirmed that postoperative TACE is a potential option for the curative resection of HCC with a mean tumor size larger than 5 cm. 15 Furthermore, some literature sources have reported that multimodality treatment can prolong the survival rate of HCC patients with PVTT. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] The multimodality treatment includes postoperative hepatic artery infusion (HAI), portal vein chemotherapy/chemobiotherapy (PVC), and TACE. Nevertheless, the efficacy of the treatment methods mentioned above remains controversial. Due to potential increased risk of liver failure caused by TACE and chemotherapy, only a few literature sources have evaluated the efficacy and safety of TACE compared with other treatments in HCC patients with PVTT. [18] [19] [20] [21] [22] [23] [24] [25] [26] This meta-analysis was aimed to evaluate the effects of postoperative adjuvant chemotherapy/TACE on survival time in HCC patients with PVTT.
Methods search strategy and selection criteria
We identified the studies by searching MEDLINE, Embase, Cochrane Library (CENTRAL) databases, Web of Science, ScienceDirect, the China Journal Full-text Database, and the National Institute of Health Clinical Trials Database (www. ClinicalTrials.gov) with the following keywords: "hepatocellular carcinoma" or "HCC" or "hepatic tumor" or "hepatic cancer" or "liver cancer" and "PVTT" or "portal vein tumor thrombi" or "portal vein tumor thrombosis" and "chemotherapy" and "TACE" or "chemoembolization" or "embolization" and "clinical trials" in the English language and in non-English languages (limits of the search period: from January 1990 to October 2014). The references of the retrieved literature were also screened. The search strategies are shown in Figure 1 .
The inclusion criteria were as follows: 1. Trials: both randomized controlled studies (RCTs) and retrospective studies 2. Patients: diagnosed with HCC with PVTT and without sex and age limits 3. Interventions: postoperative adjuvant chemotherapy/ TACE plus surgery vs surgery alone 4. Chemotherapy: HAI and PVC 5. Surgery: both hepatectomy and PVTT removal were conducted 6. Follow-up: data available on the 1-, 3-, or 5-year survival rates and/or DFS rates 
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The exclusion criteria were as follows: 1. Studies that included cholangiocellular carcinoma patients 2. Studies that did not conduct PVTT removal 3. Studies that involved duplicative publication 4. Studies that did not report the 1-, 3-, or 5-year overall survival (OS) rates and/or DFS rates.
Data extraction and quality assessment
Two authors (Shang H and Zhang YF) independently extracted information and data from the studies including the author's first name, year of publication, study methods, patient's characteristics, interventions, and 1-, 3-, and 5-year OS rates (Table 1 ). Disagreements were resolved by consensus. Furthermore, we evaluated the methodological quality of each RCT according to the method described in the Cochrane Handbook for Systematic Reviews of Interventions. 27 Random sequence generation, allocation concealment, blinding (patients, personnel, and outcomes assessment), incomplete outcome data, selective reporting, and whether the analysis referred to intention-to-treat were assessed to examine all of the included RCTs and were assigned values of "low risk", "high risk", or "unclear" (Figure 2 ). This five-point quality scale includes points for randomization (0-2 points), double blinding (0-2 points), and withdrawals and dropouts (0-1 point). Total scores of 0-2 indicated low quality, whereas studies with total scores $3 were defined as high quality. However, the quality of each retrospective study was assessed by the Newcastle-Ottawa Quality Assessment Scale, and studies were classified as high quality if they received more than seven stars, medium quality if they received between four and six stars, and poor quality if they received fewer than four stars (Table 2) .
statistical analysis
The effects of the treatment options were evaluated by the 1-, 3-, and 5-year survival rates using the ORs with 95% CIs. The 1-, 3-, and 5-year survival rates were considered the primary end points. The homogeneity of the included trials was analyzed by the chi-squared test with Cochran's Q statistic and I 2 (statistical significance set at P.0.1 or I 2 ,50%). The Mantel-Haenszel method with a fixed-effects model was used to analyze the pooled data when the homogeneity was significant. However, when heterogeneity between trials was observed, then instead of determining the causes of the heterogeneity, a random-effects model was used to analyze the data. Sensitivity analyses were performed to determine the stability of the overall treatment effects. The point estimate of the OR was used to assess the statistical significance of the outcomes (statistical significance was set at P,0.05 if the 95% CI did not include the value 1). The analyses of the The study only reported overall data. Data presented as mean±SD unless otherwise specified. Abbreviations: h, high quality; hai, hepatic artery infusion; M, medium quality; nr, not reported; nrcT, non-randomized controlled trial; PVc, portal vein chemotherapy/ chemobiotherapy; PVi, portal vein infusion; rcT, randomized controlled trial; Tace, transarterial chemoembolization.
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Zhang et al data were performed using Review Manager, version 5.2 (The Cochrane Collaboration, Software Update, Oxford, UK).
Results
eligible studies
The search strategies and processes are shown in Figure 1 . Fifty-six potentially relevant records were identified, of which 47 studies were excluded after the abstract and fulltext review for the following reasons: mono or combined sorafenib treatment was included (n=5), no comparison between postoperative TACE/chemotherapy and surgery (n=41), and no reporting about the details of the surgical procedure (n=1). Finally, only one study with a reported DFS rate was excluded that could not be subjected to a metaanalysis. 18 A total of eight studies involving 697 patients were included to compare surgery plus postoperative adjuvant chemotherapy/TACE with surgery alone. Only these eight studies reported the OS rates. [19] [20] [21] [22] [23] [24] [25] [26] In addition, three articles that were reported in the Chinese language were retrieved using Web of Science and were included in the meta-analysis after evaluating the quality. The data of an article included both postoperative TACE and chemotherapy (we marked Li et al1 for TACE and Li et al2 for chemotherapy). 23 Postoperative adjuvant chemotherapy included the following: HAI and PVC. The operative methods used in the included trials were hepatectomy and PVTT removal. The drugs, courses, and dosages of chemotherapy and TACE are listed in Table 3 . Of the eight studies included, three articles reported 1-, 3-, and 5-year survival rates; 20, 23, 24 three articles reported 1-and 3-year survival rates; 19, 21, 25 and two articles reported only the 1-year survival rate. 22, 26 The characteristics of the included studies are shown in Table 1 .
Methodological quality of the included studies
The quality of each included study is shown in Table 1 . The methodological quality of each included study was evaluated by the previously introduced principles. Three trials were considered to be of high quality, and five trials were considered to be of medium quality (Table 2) . No signs of selective reporting were observed, and all of the trials did not state the intention-to-treat principle clearly.
Meta-analysis of the 1-, 3-, and 5-year survival rates
All of the eight included trials provided the 1-year survival rate. There was significant homogeneity among the eight studies (I 2 =0%, P=0.81), and a fixed-effects model was used to analyze the data. The pooled OR (2.72, 95% CI=1.98-3.74) showed a significantly increased 1-year survival rate for HCC patients with PVTT following postoperative adjuvant chemotherapy/TACE compared with surgery alone (P,0.00001). Similarly, six trials reported the 3-year survival rate and three trials reported the 5-year survival rate. Their pooled ORs calculated using the fixed-effect model showed a significantly increased 3-and 5-year survival rates for HCC patients with PVTT following postoperative adjuvant chemotherapy/TACE compared with surgery alone (P=0.009 and P=0.007, respectively), and the homogeneity was significant (3-year survival rate: pooled OR=1.62, 95% CI=1. 13 (Figure 3 ).
subgroup analysis
A total of four trials reported the 1-year survival rate, which was compared between postoperative TACE and surgery 
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Postoperative adjuvant chemo(embolization) Therapy for hcc with PVTT alone for HCC patients with PVTT. Additionally, three trials reported the 3-year survival rate and two trials reported the 5-year survival rate. There was significant homogeneity among them, and fixed-effect models were used to analyze the data. The pooled OR calculated by the fixed-effect model indicated that postoperative adjuvant TACE significantly increased the 1-year survival rate compared with surgery alone for HCC patients with PVTT. However, the pooled OR of postoperative TACE regarding the 3-and 5-year survival rates showed that there were no statistical significances between postoperative TACE and surgery alone for HCC patients with PVTT because the 95% CI included the value 1 (Figure 4 ). Regarding postoperative adjuvant chemotherapy, the pooled ORs of the 1-, 3-, and 5-year survival rates indicated that postoperative adjuvant chemotherapy could significantly increase 1-, 3-, and 5-year survival rates compared with surgery alone for HCC patients with PVTT (1-year survival rate: pooled OR=3. 22 (Figure 4 ).
sensitivity analysis
Sensitivity analysis was performed using the fixed-effects model and random-effects model for the quality of the included studies and the effects of postoperative adjuvant chemotherapy/TACE and subgroup analysis. The change of the effects model did not result in the statistical significance of the pooled OR, indicating that the meta-analysis had good reliability.
Discussion
From 1990 to 2013, liver cancer ranked 21st among the leading causes of death worldwide. Furthermore, death due to liver cancer in all ages has increased from 510.1/1,000 to 818.0/1,000, and the age-standardized death rate has decreased from 13.7/100,000 to 13.0/100,000. 28 All of the above indicate that, although the morbidity of liver cancer has been younger, the efficacy of the treatment has improved. Based on the BCLC staging system, HCC patients with PVTT are classified as BCLC stage C. 6 The recommended treatment is sorafenib therapy. However, some studies have shown that hepatic arterial infusion chemotherapy (HAIC), radiotherapy (RT), TACE + RT, and sorafenib + TACE + RT can be an alternative treatment to sorafenib therapy in HCC patients with PVTT. 18, [29] [30] [31] [32] [33] In addition, an article reports that TACEsorafenib combination treatment may improve OS in HCC 
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Zhang et al patients with PVTT compared with patients who underwent TACE alone. 34 Although the above-mentioned treatments have achieved satisfactory efficacy, operative resection and liver transplantation are still considered to be the curative options. 7 Moreover, one case report indicates that sorafenib therapy combined with intermittent cisplatin HAIC is considered to be an effective therapy for advanced HCC with PVTT in the major trunk. 35 Additionally, another case report involving two cases showed that preoperative sorafenib treatment provides an opportunity for HCC patients with PVTT to have curative resection. 36 However, the efficacy of postoperative sorafenib therapy vs surgery/sorafenib therapy has not been evaluated until now. The limited number of trials concerning sorafenib suggests that we can only perform a descriptive analysis. Thus, additional trials are needed to assess the efficacy of postoperative sorafenib therapy and to compare the efficacy between adjuvant TACE/chemotherapy and sorafenib therapy.
Although there are various treatment options, the prognosis of HCC patients with PVTT remains very poor. This meta-analysis aimed to evaluate the effects of postoperative adjuvant chemotherapy and/or TACE on the survival time in HCC patients with PVTT. We systematically searched the main databases (MEDLINE, Embase, Cochrane Library [CENTRAL], Web of Science, ScienceDirect, the China Journal Full-text Database, and the National Institute of Health Clinical Trials Database), and eight studies were included in our meta-analysis. All of the included studies fulfilled the inclusion criteria: RCT or retrospective study; patients were diagnosed with HCC with PVTT and without sex and age limits; postoperative adjuvant chemotherapy/ TACE plus surgery vs surgery alone was performed; both hepatectomy and PVTT removal were conducted; and data available on the 1-, 3-, or 5-year survival rates and/or DFS rates. For the statistical homogeneity of the included studies, outcomes were analyzed using the fixed-effects model. The fixed-effects model was used to analyze sensitivity and the random-effects model was used to evaluate the reliability of the meta-analysis. This meta-analysis indicated that postoperative adjuvant therapy showed improvement in the 1-year survival rate when compared to surgery alone. Similarly, benefits of the 3-and 5-year survival rates were also found (1-year survival rate: pooled OR=2.72, 95% CI=1.98-3.74, I 2 =0%, P=0.81; 3-year survival rate: pooled OR=1.62, 95% CI=1.13-2.33, I 2 =0%, P=0.69; 5-year survival rate: pooled OR=1.99, 95% CI=1.20-3.29, I
2 =0%, P=0.64). In subgroup analysis, the meta-analysis indicated that postoperative chemotherapy could increase the 1-, 3-, and 5-year survival rates compared with surgery alone for HCC patients with PVTT. However, postoperative TACE could only improve the 1-year survival rate, and no statistical significance was found in the improvement of the 3-and 5-year survival rates compared with surgery alone for HCC patients with PVTT. The results are partly consistent with a previous study. 15 It was found 
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Postoperative adjuvant chemo(embolization) Therapy for hcc with PVTT that postoperative TACE could significantly improve the DFS and OS compared with surgery alone when the mean tumor size was bigger than 5 cm. However, the study failed to group OS by time. Furthermore, of the included studies, Fan et al's study evaluated the differences among different treatments in HCC patients with PVTT in the first branch and main trunk tumor thrombosis groups. 20 The outcomes reported that postoperative TACE and chemotherapy showed better 1-, 3-, and 5-year survival rates than the others in both the first branch tumor thrombosis group and main trunk tumor thrombosis group. Additionally, with the same treatment, the outcomes indicated that the first branch tumor thrombosis group had better 1-, 3-, and 5-year survival rates than the main 
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Zhang et al trunk tumor thrombosis group. Furthermore, in the study by Li et al, 23 the 1-, 3-, and 5-year DFS rates in the surgery group were 50.7%, 17.8%, and 0% vs 62.3%, 23.7%, and 4.0% in the postoperative TACE group, respectively, indicating that postoperative TACE could increase the 1-, 3-, and 5-year DFS rates. These findings could guide the surgical method and subsequent treatment options for the different tumor thrombosis types in HCC patients with PVTT.
However, although TACE and chemotherapy can improve the survival of HCC patients with PVTT, the mild and severe 
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Postoperative adjuvant chemo(embolization) Therapy for hcc with PVTT adverse events should also be considered. The adverse events of TACE included the following: ascites, transient liver failure, deterioration of liver function, progression of tumor or metastases before surgery, bacteremia, and bleeding from the femoral puncture site. 23, 24 The adverse events of chemotherapy included nausea, loss of appetite, leukopenia, alopecia, drug fever, and deterioration of liver or renal function. [20] [21] [22] All of the mild adverse events were common and easily resolved. However, although the severe adverse events were rare, they should be considered and treated well.
Finally, the limitations of this meta-analysis were analyzed. First, only two RCTs were analyzed, which possibly caused selection bias (Figure 2 ). Second, due to the lack of relevant studies, the conclusions of the subgroup analysis of postoperative TACE and postoperative chemotherapy were limited. Third, only three high-quality articles were included. Fourth, all of the included studies were from Asia. Therefore, more clinical trials and more relevant studies from different countries are needed to provide additional evidence to support the meta-analysis. Due to the limitations above, the outcomes and conclusion of the present meta-analysis should be interpreted cautiously. However, in the present study the effects of postoperative adjuvant chemotherapy/TACE on survival time in HCC patients with PVTT are evaluated and a valuable conclusion is drawn, which provided a good guiding principle for clinical application.
Conclusion
Our meta-analysis showed that postoperative adjuvant therapy could increase the 1-, 3-, and 5-year survival rates of HCC patients with PVTT. In subgroup analysis, postoperative chemotherapy can improve the 1-, 3-, and 5-year survival rates of HCC patients with PVTT vs surgery alone. Postoperative TACE can only increase the 1-year survival rate, and no statistical significance was found in the improvement of the 3-and 5-year survival rates compared with surgery alone for HCC patients with PVTT. However, due to the limitations of this meta-analysis, more relevant RCTs from different countries are required to further confirm these findings. Meanwhile, a subgroup analysis of postoperative TACE and postoperative chemotherapy should be performed. Based on the BCLC staging system, the efficacy between adjuvant TACE/chemotherapy and sorafenib should be compared to provide evidence of the clinical options.
